A new model for the interaction of Io with the dense corotating plasma of the Io torus is described which involves pickup and Alfv6n waves carrying a field-aligned current. Pickup refers to the process whereby ions freshly created near Io are accelerated by the corotational electric field. It is shown that the pickup current is connected to a field-aligned current carried by an Alfv6n wave. The combination of currents allows for a self-consistent determination of the electric field in Io's vicinity. Using a simplified solution for the electric field, we calculate the total pickup rate, field-aligned current, enhancement of plasma density in Io's vicinity, thermal energy injected into the torus, UV radiation power, and inertial drag on the magnetosphere. All observations made by Voyager are compatible with an electron impact ionization mechanism and a neutral SO2 Io atmosphere with a density of 109 cm -3.
INTRODUCTION
Since the discovery by Bigg [ 1964] of the control that Io, Jupiter's innermost Galilean moon, has over the Jovian decametric radiation (DAM) many new observations have emphasized the important role that Io plays in the dynamics of the Jovian magnetosphere-ionosphere system. Io is, indeed, one of the most fascinating astronomical objects. Not only does its surface reveal ongoing geological activity (such as volcanism) on an unprecedented scale, but Io also seems to be the major source of neutrals (like sodium) and the heavy ion plasma in the Jovian magnetosphere. This plasma determines the magnetic field topology, which in turn controls the dynamics of energetic charged particles, some of which escape the Jovian magnetosphere and subsequently propagate as far as the earth. It may be said (however, with tongue in cheek slightly) that Io's influence extends out to the earth and that in a subtle way the earth's environment is subject to processes going on at Io. This is quite a surprising and exciting thought. Yet although the fact of a strong interaction of Io with the Jovian magnetosphere has been known for a long time, no unified theory exists which ties together all observations. In fact, several theories of the interaction contradict at least some aspects of the data. For example, the DAM control has often been explained as being due to field-aligned currents driven by the large emf across Io due to Io's motion relative to the magnetospheric plasma (see, for example, Smith [1976] and references therein). However, these models require a large Pederson conductivity for the bulk of Io and its ionosphere. This requires the density of Io's atmosphere to be quite large (N •> t0" cm-3). On the other hand, the extended neutral sodium cloud around Io has been related to sputtering of sodium from Io's surface by energetic charged particles penetrating Io's atmosphere [Matson et al., 1974] . A dense atmosphere would absorb the energetic particles before they hit the surface and would also prevent the sodium atoms from escaping from Io. The sputtering mechanism requires a thin atmosphere (N _< 10 9 cm-3). Furthermore, if Io were an ideal conductor and carried the magnetic field with it, charged particles would drift around Io, and only extremely energetic particles (E > 10 MeV) would impact the surface of Io [Schulz and Eviatar, 1977; Thomsen, 1979 ]. Yet it is observed that Io absorbs charged particles, in particular, low-energy particles [see Thomsen, 1979 Pickup refers to the process whereby ions freshly created in the vicinity of Io are accelerated by the corotational electric field until their guiding centers acquire the corotation speed [Cloutier and Daniell, 1973] . Ions could be created by photoionization, in which case the ionization rate depends only on the neutral atmospheric density. They could also result from electron impact ionization by the ambient plasma electrons moving into the atmosphere of Io. In this case the ionization rate depends on the electron density itself. We will assume that throughout the pickup region an exospheric model is valid in the sense that the collision frequency is much less than the ion gyrofrequency. For a thin atmosphere (N < t0 'ø cm -3) this is well satisfied. We will describe the pickup process in more detail in section 2, where we will show that the pickup mechanism produces a current perpendicular to the local field line which is related to the ionization rate and the local electric field.
If an exospheric model is not valid, Pederson and Hall currents must be added. To keep the discussion general, we include them at first but show later that they are unimportant.
For a steady state situation these currents have to be closed by field-aligned currents. The magnitude of the field-aligned current determines the local electric field in a self-consistent manner. If, for example, no parallel current were allowed to flow, the pickup current would eventually reduce the corotational electric field by polarization of the plasma. We will show in section 2 that the magnitude of the field-aligned cur- should be realized that a density of neo.--2 X 103 cm -3 is an underestimate for the torus density, which may well be a factor of 2 higher. Power is also carried away by the Alfv6n waves. Some of this power is dissipated in the torus (see discussion below) and heats the torus plasma and hence increases the total UV radiation power (see section 6 and Figure 4) . We feel that at this stage it is unnecessary to search for values that would yield improved agreement with the observations. We believe that the model is quite successful in explaining a large number of different observations. We conclude this section by noting that an electron impact ionization rate of 10 4 cm -3 s -• is compatible with all observations discussed above. To maintain the atmosphere at the level required by this ionization rate, we need a gas production rate of 2 x 10 •ø cm -2 s -• molecules averaged over the surface of Io. This is well below the estimate of the •;olcanic gas outflux rate estimated by Kumar [1979] .
CONSEQUENCES FOR THE OUTER MAGNETOSPHERE
The ion injection rate calculated above is considerably larger than the injection rate from the Jovian ionosphere [Goertz, 1973 [Goertz, , 1976 Thomsen et al. [1977] from the energetic particle observations near Io (see also Thomsen [1979] ). An enhanced diffusion coefficient at the outer edge of the torus is not surprising, because the outer edge of the torus is unstable against the flute instability, which should result in enhanced diffusive transport across magnetic field lines.
The inner edge of the torus is not flute unstable, and the diffusion coefficient should be smaller there. In order to transport the same number of particles inward as outward the density gradient should be steeper at the inner edge of the torus than at the outside. This is indeed observed Warwick et al., 1979] . It should be noted here that the injection rate calculated above will maintain the plasma torus at the observed extent and density provided that the diffusion coefficient is not larger than the one estimated above. The plasma transported away from Io will cause an inertial drag on the Jovian ionosphere [Hill, 1979] . Hill calculates the rate of slowing down of the Jovian ionosphere by equating the rate of increase of angular momentum by the outward mass transport to the torque that can be provided by the Jovian ionosphere. He derives a differential equation which relates the change of rotation rate to the mass injection rate and the height-integrated conductivity of the Jovian ionosphere. We have used his equation and integrated it, using as a boundary condition that the plasma at L --6 is rigidly rotating with the planet. (Hill has used this condition at L --1.) We also have inward mass transport for L < 6. Figure 3 
